Abstract. The slope of the interstellar reddening line in the J-H vs. H-K s diagram of the 2MASS survey in the direction of the North America and Pelican nebulae, the L 935 dust cloud and the Cyg OB2 association is determined. The MK types were either classified by C. J. Corbally or collected from the literature. The ratio E J−H /E H−Ks = 2.0 is obtained by taking the average for the four groups of spectral classes: O3-B1, B2-B6, B7-B9.5 and red clump giants. The obtained ratio is among the largest values of E J−H /E H−Ks determined till now.
INTRODUCTION
The 2MASS survey presents all-sky photometry in the near-infrared J, H and K s passbands which is useful for a variety of investigations of the Galaxy. The system has been successfully used for study of star-forming regions and search for young stellar objects (YSOs), for investigation of the interstellar extinction in dust/molecular clouds, large-scale distribution of interstellar dust, the interstellar reddening law in the infrared, spectral energy distributions, etc.
Recently, the interstellar reddening law in the infrared wavelengths was studied by Fitzpatrick & Massa (2005 , Indebetouw et al. (2005) and Flaherty et al. (2007) applying the 2MASS data alone or joining them with the Spitzer results at longer wavelengths. In some papers regional values of the color excess ratio E J−H /E H−Ks were investigated (Indebetouw et al. 2005; Nishiyama et al. 2006; Lombardi et al. 2006; Djupvik et al. 2006; Naoi et al. 2006; Román-Zúniga et al. 2007 ). In most cases this ratio was evaluated from the statistical distribution of red giants with various reddenings in the J-H vs. H-K s diagram. The red clump giants of early K spectral subclasses are the most abundant population in 2MASS near the Galactic plane, since they are very bright in the near infrared and, despite the interstellar extinction, have been observed at large distances -up to the Galactic central bulge and the disk edges in the direction of the 2nd and 3rd quadrants.
In the listed papers some regional variations of the E J−H /E H−Ks ratio or the interstellar reddening law in the infrared wavelengths have been noted. Consequently, before applying the J-H vs. H-K s diagram for star classification or other tasks, it is important to investigate the color-excess ratio in each specific area.
To our knowledge, the ratio E J−H /E H−Ks in the area of the North America and Pelican nebulae (hereafter NAP), including the L 935 dust cloud, separating the nebulae, has not been determined till now. Cambrésy et al. (2002) , Comerón et al. (2002) and Comerón & Pasquali (2005) in their studies, based on the 2MASS data in Cygnus, have applied a value of 1.70 which follows from the Rieke & Lebofsky (1985) interstellar extinction law. However, this ratio corresponds to the Arizona J,H,K system, which is slightly different from the 2MASS system. On the other hand, this extinction law was obtained by using heavily reddened stars located in various directions (five stars in the Galactic center direction, o Sco and Cyg OB2 No. 12). Among them, Cyg OB2 No. 12 is an emission-line B supergiant with a number of peculiarities, see discussion in Section 3.
We decided to investigate the ratio E J−H /E H−Ks in the NAP direction applying the classical method which determines slopes of reddening lines plotted for stars in narrow intervals of spectral classes. For this aim the most suitable are early-type stars of spectral classes O and B since these types of stars are sufficiently luminous and apparently bright to be accessible for spectral classification and sufficiently distant to be considerably reddened. A similar method has been successfully used by He et al. (1995) for reddened O-B stars in the southern Milky Way.
THE LIST OF O-B STARS
The starting step in composing the list of early-type stars in NAP, classified in the MK system, was the search of the Simbad database for the ALS stars (Reed 1998 (Reed , 2005 in the area 3
• × 3
• with the center at J2000: 20 h 56 m , +44
• . The next step was the check of the catalogs of stars measured and classified in two dimensions using the Vilnius seven-color photometric system (Straižys et al. 1989 (Straižys et al. , 1993 Laugalys & Straižys 2002; Laugalys et al. 2006a Laugalys et al. ,b, 2007 . To verify the quality of photometric classifications, 37 B-stars from the Vilnius lists were classified by one of us (C.J.C.) using blue grating spectra of 2.8Å resolution obtained with the Boller and Chivens spectrograph on the 2.3 m telescope of Steward Observatory at Kitt Peak. Part of these classifications were published in Straižys et al. (1999) , the spectral types of the remaining 14 are given in Table 1 of the present paper.
Since the coincidence between spectroscopic and photometric spectral types was quite good, we have added to the list 29 B-type stars in the cluster NGC 6997 and Collinder 428 areas with reliable two-dimensional classifications obtained using the Vilnius seven-color photometric system (Laugalys et al. 2006a (Laugalys et al. , 2007 ; in Table  1 their spectral classes are marked by lower-case letters.
However, for the selected B-stars in the region of the North America and Pelican nebulae the largest values of E H−Ks are about 0.25 which correspond to A V ≈ 4 mag. To have a longer reddening line, we added O-B stars from the Morgan et al. (1954) . VI Cyg is the former name of the Cyg OB2 association.
SMV89-248 = V2200 Cyg (B9p, α 2 CVn type); VI Cyg 5 = V729 Cyg, EB; ALS 11633, SMV89-159 and SMV89-188 -spectral binaries; ALS 17620, ALS 17622 and SMV89-185 -visual binaries. The stars with spectral types marked by asterisks are classified in MK system by C. J. Corbally: one asterisk -published in Straižys et al. (1999) Cyg OB2 association located behind the Great Cygnus Rift, 4
• from the NAP nebulae. Investigations of the extinction law in Cygnus discussed in our earlier paper (Straižys et al. 1999) do not show any significant differences in extinction properties between various directions in Cygnus. Table 1 lists 95 OB-type stars from the NAP region and 98 O-B1 stars from the Cyg OB2 association. We list only those Cyg OB2 stars which were used for plotting the reddening line. They include 15 brightest stars from and , 45 stars from Massey & Thompson (1991) and 42 stars from Comerón et al. (2002) . The last list contains stars having 'featureless' infrared spectra and considered as the candidate O-type stars. Hanson (2003) and Negueruela et al. (2008) have classified 27 of them in MK and confirmed that they indeed are O-B0 type stars. The stars with blended images have been excluded. We also excluded two stars from the Massey & Thompson list (575 and 793) which show a considerable deviation from the reddening line of other O-B1 stars. The reddest star in the NAP region is the CP05 4 star with spectral type O5 determined by Comerón & Pasquali (2005) . The J-H and H-K s color indices given in the table were calculated from the 2MASS J, H and K s data.
INTRINSIC COLOR INDICES
Despite a wide use of the 2MASS photometric system, intrinsic color indices (J-H) 0 and (H-K s ) 0 of stars of different spectral and luminosity classes are unknown. Usually they are being obtained by transformation from the Koornneef (1983) or Bessell & Brett (1988) tabulations with the Carpenter (2001) equations. Since these transformation equations for O and B stars are rather uncertain, we decided to determine their intrinsic color indices directly in the 2MASS system by dereddening relatively bright stars with small interstellar reddening.
For determining the intrinsic color indices for O-and B-type stars we took some little reddened stars listed in Table 2 . The three O-stars are the least reddened field stars. The B5-B6 and B8-B9 stars were selected in the vicinity of the NAP nebulae from our Table 1 and from the Fehrenbach et al. (1961) catalog of stars in the Kapteyn Selected Area 40. For each star color excesses E B−V were transformed to E J−H and E H−K by the equations given by Bessell & Brett (1988) . Since the reddenings are small, E H−K ≈ E H−Ks . After that color indices were dereddened for all stars individually taking differences of the observed color indices and the corresponding color excesses:
Then dereddened color indices were averaged to obtain the intrinsic color indices (J-H) 0 and (H-K s ) 0 for O8, B5.5 and B8.5 stars listed in Table 3 . Table 1 stars were divided into three spectral groups: O-B1, B2-B6 and B7-B9.5, neglecting their luminosity classes. However, we excluded all emission-line B-stars which exhibit excesses of H-K s at constant J-H. For each spectral group we have plotted the J-H vs. H-K s diagram shown in Figures 1-3 . Figure 1 shows that O-B1 type stars in the NAP region and in the Cyg OB2 association exhibit the same slope of the reddening line. The CP05 4 star at H-K s = 0.47 (the uppermost dot) lies also together with the association stars. Two Cyg OB2 stars, No. 5 (O7e) and No. 12 (B5 Iab), deviate downwards from the reddening line considerably, imitating the presence of circumstellar thermal emission in the dust or electron free-free transitions. Peculiarities of star No. 12 were widely discussed by Massey & Thompson (1991) ; they find Hβ line in emission. In the direction of these two stars condensations of CO have been discovered (Scappini et al. 2002; Casu et al. 2005 ). These two stars were rejected from the reddening line solutions. After the listed rejections, we have 118 O-B1 stars, 29 B2-B6 stars and 46 B7-B9.5 stars.
EQUATIONS OF THE REDDENING LINES
The least-square solutions for Figures 1-3 have been made with the fixed intrinsic positions of O-B1, B2-B6 and B7-B9.5, respectively. The following equations were obtained:
These equations show the slope of the reddening line, E J−H /E H−Ks , for O-B stars is between 1.9 and 2.1. Probably, the average value 2.0 can be accepted for future analysis of the distribution of reddened stars in the 2MASS two-color diagram. Zero-points of the equations mean the points on the J-H axis at which the reddening lines cross the line H-K s = 0.0. They are the same as the values of the interstellar reddening-free Q JHKs parameters: Table 3 . Intrinsic color indices of stars in the 2MASS system. (Figure 4 ). Thus, we may solve the least square equation using all 193 stars together (with the intrinsic position of an O8-type star):
THE REDDENING LINE OF RED GIANTS
We have one more possibility to find the reddening line slope in the J-H vs. H-K s diagram. In Figure 5 we show the plot of this diagram for 99 000 stars in the 3
• area with the center given in Section 2. These stars were selected from the 2MASS database with an error limit of < 0.05 mag for the three magnitudes. The stars form a comet-like crowding in which we show approximate intrinsic positions of the main sequence and K-M giants. The interstellar reddening vector is shown, its slope is 2.0 and its length corresponds to the extinction A V = 10 mag. The tail of the 'comet' is composed of normal reddened stars, mostly of red clump giants of early K subclasses (the discussion see in López-Corredoira et al. 2002) . This means that the stars at the upper end of the tail are reddened K-type red clump giants with A V ≈ 30 mag. The comparison of their colors with the intrinsic colors of red giants may be used to estimate the slope of the reddening line. However, we need to know the intrinsic position of red clump giants in the J-H vs.
For determining the intrinsic position of red clump giants we used the old open cluster M 67 which is very suitable, as the cluster is practically unreddened and its stars have solar chemical composition. Seven clump stars with V at 10.5 and B-V at 1.1 were selected from the Montgomery et al. (1993) catalog and are listed in Table 4 . The straight line connecting the center of red clump stars with the end of the 'comet' tail at J-H = 3.1 and H-K s = 1.4 has the slope 2.06. This value in good agreement with the values obtained for O-and B-stars in Section 4.
In Figure 6 we show a similar diagram for 66 000 stars selected in the association 
DISCUSSION AND CONCLUSIONS
The ratios E J−H /E H−Ks determined so far in the 2MASS system in various Milky Way areas exhibit quite a wide range of values, between 1.6 and 2.1, the average value being close to 1.8. Our slopes of reddening lines in the NAP area and the Cyg OB2 association area both for O-B stars and K giants are near the upper limit of this range. Only for Globule 2 in the Coalsack Racca et al. (2002) in the • × 3
• size. The orange and yellow curves are intrinsic sequences of luminosity V and III stars. The red dot is the intrinsic position of the red clump giants, whose interstellar reddening is shown by the straight red line. The red line with an arrow is the reddening vector, its slope is EJ−H / EH−K s = 2.0 and its length corresponds to the extinction AV = 10 mag.
CIT system obtained E J−H /E H−K = 2.08. If the ratio of colors in both systems given by Carpenter (2001) is valid also for color excesses, the ratio E J−H /E H−Ks in the 2MASS system should be 1.05 times larger, i.e., in the Coalsack it can be close to 2.2.
It is obvious that the variations of color-excess ratios in the infrared are related to sizes and compositions of dust grains. Most authors agree that between ∼ 0.9 µm and ∼ 5 µm the extinction curve can be approximated by a power law, A λ ∝ λ −β . The most widely used is the value β = 1.8, representing the so-called 'universal' extinction curve in the infrared (Martin & Whittet 1990 ). However, in the last decade it was realized that β is not universal but has different values between 1.6 and 1.8 (see Draine 2003; Indebetouw et al. 2005; Flaherty et al. 2005; Froebrich & Burgo 2006; Froebrich et al. 2007) . Since
for the effective wavelengths of the passbands J, H and K s we can calculate the approximate relation between β and the ratio of color excesses. Convolving the response functions given by Cutri et al. (2006) and Skrutskie et al. (2006) with spectral energy distributions of Kurucz models we obtain that λ eff values for different temperatures are not very different, thus we took the values of 1.24, 1.64 and 2.14 µm corresponding to solar-type stars. In this case β = 2.045(E J−H /E H−Ks ) − 1.722.
For the NAP area, where E J−H /E H−Ks = 2.0, we obtain β = 2.37. This value of β gives a relatively steep interstellar extinction curve in the 1-2 µm range of wavelengths. A similar value of β was recently obtained by Larson & Whittet (2005) for high Galactic latitude clouds. Whittet (2008) estimates that such a value of β suggests smaller than average grain sizes, compared with the 'typical' value of β = 1.8. The curvature of the near IR segment of the extinction curve is a reflection of the fact that even the larger grains have sizes which are smaller than λ. In the small particle limit one would expect β = 4.0 (Rayleigh scattering). On the other hand, for larger grains (e.g., with dimensions ∼ 2 µm) one would expect β ≈ 1.0. It is not really possible to estimate average grain sizes from β but it should certainly follow the trend: larger β, smaller grains. On the other hand, according to our earlier investigations, the dust in L 935 and the surrounding NAP area exhibits other peculiarities. Earlier we have obtained that the extinction law in the vicinity of NAP exhibits a smaller 'knee' in the blue part of the spectrum (Straižys et al. 1999) which is also consistent with smaller grains responsible for the extinction in the range of wavelengths covered by the B and V passbands.
To summarize, the following results of the present investigation may be listed. 1. A list of 95 O-and B-type stars with MK classifications, supplemented by the 2MASS J-H and H-K s color indices, is compiled in the 3
• area covering the North America and Pelican nebulae and including the L 935 dust cloud. For 37 stars spectroscopic MK types and for 40 stars photometric types are determined by the authors. The list is supplemented by 98 O-B1 type stars from the Cyg OB2 association.
2. Intrinsic color indices (J-H) 0 and (H-K s ) 0 are determined for spectral classes O8, B5.5 and B8.5 by dereddening bright stars with small interstellar extinction.
3. Interstellar reddening lines are calculated for stars of the three spectral groups: O-B1, B2-B6 and B7-B9.5. The slopes of the reddening lines, 2.00, 1.88 and 2.10, are obtained for the three groups.
4. The mean intrinsic colors J-H and H-K s of seven red clump giants of spectral types G8-K2 III in the open cluster M 67 are determined. For areas of both the NAP nebulae and the Cyg OB2 association, joining the positions of the unreddened clump giants and the most heavily reddened stars in the J-H vs. H-K s diagram, we obtain the reddening line slope of 2.06 and 2.02, respectively, which are in a good agreement with the slopes for O-B stars.
5. The mean ratio of color excesses E J−H /E H−Ks = 2.0 may be recommended for the North America and Pelican nebulae region, as well as for the Cyg OB2 association. This value is somewhat larger than the ratios which are usually in use in the Cygnus direction.
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